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Introduction & Motivation

We propose a framework for global-scale canopy
height estimation based on satellite data. Our
model leverages advanced data preprocessing
techniques, i.e. cloud filtering, and resorts to a I YRV 5 S
novel loss function designed to counter R
geolocation inaccuracies inherent in the ground- e . .

truth height measurements. A comparison

A strong quality difference exists between regional (Schwartz) and global
maps (Lang & Potapov). We close this gap by bringing regional map
quality to a global scale.
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between predictions and ground-truth labels
yields an MAE / RMSE of 2.43 / 4.73 (meters)
overall and 4.45 / 6.72 (meters) for trees taller : T - :
than five meters, which depicts a substantial R - - 1.000m | o | Om
improvement against existing global-scale maps. SRS : " ' — :
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Our ground-truth GEDI height measurements are unprecise in their ¥y : ¢ Y g
geolocation and clearly show a systematic shift. To combat this, we Pt
implement a shift-resilient loss function: We shift the entire track (one orbit ' ;
of measurements) into all possible directions with at most a 2o0m magnitude.
Then we select the shift with the lowest associated loss. e
Define the (sparse) labels: Define the shifted labels and loss __ d
i = 3
t(z,y) = my 1f3m§ts.t. (z,y)= (Mg, my) tI,(S(x’y) p— tI(x_(S:c;y_(Sy) é
0  otherwise. € § Results
t(z,y) = {1 lftj(x’-y) 70 " N ; (F(D ot 5 1) ,
0 otherwise.
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The sensor measures height by sending out photons in a 25m radius and
measuring the time the photons take to return. It calculates height based on the
difference between the first and last returned signals. On flat ground, this method
works well. However, on sloped terrain, this approach severely overestimates the
height and measured height may not accurately reflect the true height of a tree.
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Our results show great structural details, and our model o ai

can correctly predict the height, even if the Sentinel-2 —————————————————————————— A visual comparison between our, two other
image is covered by clouds (black in the S2 image). FILTER METRIC UNIT LANG POTAPOV OURS  o\0hal maps and a regional one shows
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We use global SRTM data, to filter out
ground-truth measurements on slope.
As SRTM is a digital elevation model
(DEM), we set a very conservative
threshold (20°), to not exclude valid
measurements.

] MAE m 6.47 6.92 243 substantial improvements and we nearly close
A scatter plot between ground-truth measurements and MSE 2 470 S5 ES 9941

predictions shows a general fit, however, it also reveals a RMSE - 2 69 0 9r 173 the gap to regional maps. When statistically
tendency to underpredict tall trees. RRMSE 1.39 9 33 0.53 comparing the maps, the improvement is

stream via
WMS-MapServer

consistent across multiple metrics for all trees

MAPE 1.01 0.97 0.22
and only trees greater than 5.

S0m MAE m 880  10.01 4.45
MSE m?2  121.51  154.45  45.12
RMSE m 11.02 12.43 6.72
RRMSE 1.02 1.77 0.49
MAPE 0.76 0.77 0.28 . . -

30m { GEDI Range
As already visible in the scatterplot, prediction

50m pe.rformance varies greatly for different tree
heights. The taller the trees get, the greater the = | _ %
underprediction of such trees is. Thereby, the ==
10m uneven distribution of ground-truth measurements

plays a key role. Still, comparing ours with two
, other global maps shows a clear improvement,
Om 10m 20m 30m A0 ’ especially regarding reduced variance.
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For creating a cloud-free Sentinel-1/2 image, we collect all available images from the leaf-on season, filter out clouds (only for S2),
and build a per-pixel median composite. We collect all available GEDI measurements and apply several filters to increase quality,
including filtering out measurements with a slope exceeding 20°. After training multiple models, we select the best one and apply
it globally. To visualize the results, we build COGs (images with overviews) and stream those via a MapServer.
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